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Abstract 
Drilling Project is a huge project in coal main. Now mine is still measured in the method of artificial 
construction and acceptance. It is difficult to ensure that construction can meet the design parameters. The 
hole depth of gas drainage hole is generally no more than 100m, so it can be considered that the aperture 
is approximately parallel with the opening position. During the construction, we only require the opening 
position to meet the design requirements. In view of this situation, this article introduces the principle and 
design of a kind of drilling parameters intelligent measurement and control system for coal mine. This 
system uses the sins based on gyro and accelerometer of the rig to measure the azimuth and inclination, 
which also uses the hole depth measurement system to measure the depth of the drilling rig, and with the 
help of ZigBee technology and the existing Ethernet underground real-time transmits to the surface. This 
helps the management of surface supervise the real-time monitor and then manage the drilling status. This 
design can improve the accuracy of the construction of coal mine drilling and construction management 
while reducing administrative costs. 
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1. Introduction 
In the production of coal, drilling is a huge work [1]. In 2010, the total amount of national coal mine 
gas extraction is up to 8.8 billion cubic meters, of which the amount of underground gas extraction is 7.35 
billion cubic meters, accounting for 83.52% of the total amount of coal mine gas extraction. We usually 
drill 0.01m for per cubic meter of gas extraction. In the whole nation, the annual construction control of 
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gas drilling is about 73,500km, equivalent to 1.83 times circling the earth equator. However, because of 
the complex and harsh conditions, the processes of construction and inspection currently relies on manual 
measurement and control, and still the rig’s working status and parameters could not be monitored on the 
ground. This not only consumes a lot of human resources, leading to the increase of management costs, 
but also increases the risk of underground safety. 
Therefore, developing the mine Drilling intelligent monitoring and control system parameters can 
achieve the automatic measurement and record of rig construction hole position and dip angle parameters, 
and still can achieve the long-range tracking and real-time monitoring on the grand with the help of the 
ZigBee technology and the Ethernet real-time transmission of data from underground to the surface. This 
can not only improve the accuracy of the coal mine drilling, but also improve the management level of 
construction and reduce the management cost. The research and development of this system have 
practical significance and good market prospect. 
2. Principles of the system 
2.1. The basic principles of strap-down inertial navigation system 
Inertial navigation system is a kind of autonomous navigation system, and it uses high-precision 
gyroscopes, accelerometers and other inertial motion sensitive devices to measure the vehicle’s 
acceleration in the inertial reference system, and then it produces time integral and transforms into the 
navigation coordinate system. It calculates the moving vehicle’s speed, position, posture and other 
navigation parameters by computer [2]. 
Strap-down inertial navigation system is the accelerometers and gyroscopes mounted directly on the 
carrier, in the computer the attitude matrix is real-time calculated, that is say, calculate the relationship 
between vector coordinates and navigation coordinates, change coordinate system to the carrier's 
accelerometer information into the navigation coordinate system information, and then calculate the 
navigate [3]. 
2.2. Basic principles of electromagnetic wave ranging system 
Electromagnetic wave distance measuring use electromagnetic wave as carrierˈafter modulating by 
measuring line end emittedˈby the other hand, reflected or transmitted. Determination the time gap 
between emission wave and the echo to measure distance. 
Currently ground electromagnetic wave distance measurement generally adopts phase ranging method. 
That is to use continuous wave carrier through the modulator to make the amplitude or frequency 
modulated in accordance with wave changes do periodic variation. Measured by measuring the 
modulation wave in the distance on the round trip propagation generated by the phase change indirectly 
determine the propagation time, then obtains the distance D. If we dim the modulation wave’s modulation 
frequency as F, a round trip on D and the corresponding changes as ĳˈA periodic phase changes of 
modulation signal as 2±, and C as the light speed. Then: 
         / 2t fM ±              / 4D c fM ±  
Drill construction underground drilling depth measurement is also developed in the base of this basic 
principle [4]. 
2.3. Basic Principles of ZigBee Wireless Communication System 
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ZigBee is an emerging short-range, low-rate wireless network technology, it is a between wireless 
mark technology and Bluetooth technology proposals, mainly for short-range wireless connection. Its 
characteristic is short distance, low complexity, self-organized, low power, low data rate, low cost. It is 
mainly suitable for automatic control and remote control, can be embedded in various devices. 
3. The Design Plan of Drilling Parameter Measurement and Control System  
The system design composes of drilling parameters measurement and control system, a ground 
monitoring management system and communication system, as shown in figure 1. 
In the drilling parameters measurement system, the strap-down inertial navigation system is used to 
measure the rig’s shape and the electromagnetic wave distance- measuring system is to measure the depth 
of hole; in the  system of ground monitoring management, management server records the construction 
parameters, and the man-machine interface monitor supervises the construction; the communication 
system is made up of adownhole Ethernet networks, communication base stations and ZigBee wireless 
communication system. They are made into a bidirectional transmission network. 
 
 
Fig.1.System framework 
3.1. The Design of Drilling Attitude Measurement System 
The existing methods of measuring geographic range consists of using compass, fluxgate 
magnetometer measurement, using GPS measurements with a ferromagnetic material, the compass and 
the flux gate magnetometer will be affected, so it can not measure accurate, and it can not contact with the 
GPS signal and location of underground, so the design adopts inertial navigation system on drilling 
attitude measurement. 
Strap-down inertial navigation system sensitive element is easy to install, repair and replace, it is more 
suitable for underground complex and harsh environment, strap-down system sensitive element is easy to 
repeat layout, remove the gimbaled stable platform, both in the inertial sensitive element level 
redundancy technology, which can improve the performance and reliability, but also eliminates the stable 
platform stabilization process of various errors and reduce the system volume. So it adopts the design of 
strap-down inertial navigation system, and the accelerometer and gyroscope is directly and fixedly 
connected in the drill support, real-time calculation of the attitude matrixˈThrough the gyro attitude 
matrix measured angular velocity information and accelerometer measured acceleration information 
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transform to navigation coordinate navigation calculation was carried out, so as to measure the attitude 
information of strap-down inertial navigation system structure, as shown in Figure 2 [5-9]. 
Accelerometer 
Gyroscope 
Attitude matrix 
Attitude matrix calculation
Monitor 
Location 
Speed 
Navigation computer 
Attitude angles calculation Carrier 
 
Fig.2.SINS (Strap-down inertial navigation system) framework 
In the choice of hardware, The system has a high measuring precision of gyroscope, low dynamic 
error, large measuring range, short starting time, strong ability to adapt to the requirements. The common 
gyroscope consists of mechanical gyro, gyro, gyroscope, optical fiber gyro, laser gyro. The design adopts 
the fiber optic gyro [10]. It has the advantages of small volume, light weight, long service life, good 
dynamic performance, low power consumption, low cost, convenient to use and reliable, and it is not 
affected by electromagnetic vibration, impact, applied to the underground complex, harsh environment. 
Accelerometer is the sins of another key element in the design of Strap-down inertial navigation 
system, its small size, low power consumption, low cost, easy integration; accuracy is also consistent with 
the design requirements. 
Strap-down inertial navigation system, navigation computer is responsible for the embedded 
computing attitude matrix, and the gyroscope and accelerometer errors online compensation, and data 
management, transmission and other functions. Design uses a DSP chip microcontroller plus master-slave 
dual-processor method: as the microcontroller has a strong ability to control, so it is done by the exchange 
of data, peripheral control and other operations, The DSP chip is a microprocessors, designed for high-
speed data processing, with powerful computing capabilities to complete attitude algorithm, error 
compensation and other computing tasks. With integrated internal memory and rich port resources, DSP 
chip can reduce the system peripherals, and make system miniaturization easy. In addition, design drilling 
technology parameters can be input in advance in the well. When drilling parameters was selected, the 
system compares tested drill gesture information and construction of borehole parameters, tips for 
construction personnel adjusting fixing drill gesture, realize the accurate, fast and stable drilling [11]. 
3.2. System Design of Drill Hole Depth Measurement 
Currently, the ranging method consists of an optical rangefinder, and sound ranging, electromagnetic 
ranging. Due to underground mine complex hole conditions, optical distance measuring and sound 
ranging can not measure. The hole depth measuring system uses electromagnetic wave distance 
measurement, designed as shown in Figure 3, split type structure, drill rig transmitter and receiver 
synchronized use the clock synchronous machine [12-15]. Signal transmitter is located in drills, high-
performance, low cost, low power stm32 processor sends frequency control code, after accumulation 
phase change to a certain frequency sinusoidal signal, then output by the filter. Signal transmission by 
drill to drill at the receiving end, after filtering amplifying circuit by the discriminator compares the 
calculated phase change, which calculates the length of drill pipe, indirect drilling depth. 
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Fig.3.Drill hole depth measurement system framework 
3.3.  communication system design 
The equipment’s maintenance is complex underground, the use of low power consumption, low cost 
ZigBee wireless communication system in 2 No. 5 battery supported by the use of 6 to 12 months, can 
significantly reduce the cost of maintenance. Before construction of drill holes near field placed 
communication base station, and control system collect the drilling parameters of construction technology, 
through wireless transmit to a base station by Zigbee technology, by the base station through the existing 
Ethernet network underground to monitor and management system [16-18]. 
Communication base stations include the ZigBee wireless chip, microprocessor and interface 
conversion chips, the structure is shown in Figure 4. 
 Microprocessor ZigBee chip
Ethernet SPI bus RS232 bus
Interface chipOn the ground 
Fig.4.Communication base station framework 
3.4. The Designed of Surface Monitoring and Management System 
Surface monitoring and management system includes monitoring and management server and two 
control sets of human-machine interface. Monitoring management server is responsible for automatic 
receiving, storage and management the data came from the well, and with the construction design 
parameters were compared with larger error, design construction is prominently displayed in the interface 
control table. At the same time well management personnel can also be through man-machine interface 
monitor real-time monitoring to the drilling position, attitude, drilling depth and other important technical 
parameters, and to carry out supervision and inspection. 
3.5. System hardware design and software process 
The overall design of the system hardware is shown in Figure 5, first by the acquisition system to 
collect the gyroscope signal, signals of the accelerometer and sounding signal, Then the collected signal is 
sent to the signal front end processing circuit for amplifying filter processing, And then analog-to-digital 
conversion is sent to the underground system calculation, memory module, and through ZigBee sent to 
the communication base station, through the Ethernet transmist it to the ground to monitor system of the 
monitoring and management of server and man-machine interface monitor. 
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Fig.5.System’s hardware design 
In addition, the system software module flow chart is shown in Figure 6. 
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Fig.6.System’s software design 
4. Conclusion 
This instrument, on the one hand, intelligent voice prompts to guide the design parameters, according 
to the staff of underground drilling calibration, can significantly reduce the underground drilling of 
calibrated time and labor intensity; on the other hand, it can assist the monitoring borehole construction to 
improve the management level reduce management costs, and also improve the accuracy of inspection 
and eliminate human error. Further developments to the system can measure the drilling machine more 
technical parameters real-time. If the system acquisition and statistical analysis operating torque, speed, 
enter force to, the speed of footage and other information of drilling machine, you can also automatically 
identify hole litho logy and draw drilling geologic column, geologic profile to analyze the construction 
area of coal and rock drilling spatial variation. It has very broad application prospects. 
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